ABSTRACT
I. Introduction
Efficient market hypothesis suggests that financial asset returns should not be predictable based on all publicly available information. However, the existence of the asymmetric cross-autocorrelation between large and small market capitalization portfolios has been well documented in U.S. stock market by Lo and MacKinlay (1990) . Their study indicates that short-horizon returns on the portfolio of stocks with large market capitalization predict those with smaller market capitalization better than vice versa. This asymmetric crossautocorrelation is called the lead-lag effect. Similar pattern has been identified in other markets, such as several Asian markets (Chang et al., 1999) , United Kingdom (Kanas and Kauretas, 2001 ), German and Turkish (Altay, 2003) , and Brazil (Ratner and Leal, 2003) . Cross-autocorrelation may account for a large percent of some documented contrarian profits. If returns on some stocks systematically lead or lag those of others, rational investors can condition their leading shares' trading decisions on the previous price movement of lagged shares, and a portfolio strategy that sells "winners" and buys "losers" can produce positive expected returns. Several explanations have been proposed for the lead-lag effect structure, including information adjustment asymmetry (Chan, 1993; Badrinath et al., 1995) , nonsynchronous trading (Boudoukh et al., 1994) , transaction costs (Mench, 1993; Bernhardt and Mahani, 2004) , and contemporaneous correlations (Hameed, 1997) .
The information adjustment asymmetry, emphasizing the differences in the speeds of asset price adjustment processes to information, is the most popular explanation. According to Chan (1993) , if market makers observe noisy signals about their stocks and correct pricing errors by observing the additional signals inferred from previous price changes in other stocks, then stock returns become positively cross-autocorrelated. The signal quality differences among stocks could cause the asymmetric cross-autocorrelation. As a result, if there is higher-quality information in large stocks than in small stocks, possibly due to the lower marginal costs of producing information, as proposed by Ho and Michaely (1988) , then the returns of large stock portfolios would lead that of small stock portfolios. Badrinath et al. (1995) associate cross-autocorrelation with the institutional ownership of the stocks. The institutional investors concentrate on specific groups of stocks, usually large capitalized ones, and produce more information about these stocks. Then the price change of the informational favored stocks produce additional signal for other informational unfavored ones.
According to nonsynchronous trading, cross-autocorrelation relationship results from the assumption that multiple time series are sampled simultaneously when in fact they are nonsynchronous, which induces spurious cross-effects among stocks. Lo and MacKinlay (1990) conclude that unrealistically thin markets are required for the noncynchronous trading to explain the observed cross-autocorrelation; however, Boudoukh et al. (1994) argue that Lo and MacKinlay seriously understate the potential effects of nonsynchronous trading. Actually, the nonsynchronous trading and the information asymmetric pattern do not have to be exclusive to each other in explaining the cross-autocorrelation. As Bernhardt and Davies (2005) indicate, the prices of less active stocks do not incorporate some of the recent information that is already contained in the prices of more active stocks. As a specific case, the trading of small stocks is mostly thinner than that of large stocks, with a result that last transactions of small stocks on any trading day are usually completed before those of large stocks. Therefore, the price of large stocks will likely reflect any news arriving in the market toward the end of the trading day, while the price of small stocks will only show the effect of this information on the following day. Mench (1993) lists transaction costs, low transactions and market microstructure as the reasons of the cross-autocorrelation. Bernhardt and Mahani (2001) show that, on top of information asymmetry, additional friction such as transaction costs is necessary to explain the cross-autocorrelation pattern. They offer a model with non-fundamental speculation featured with a common liquidity-traded component and agents with information related to liquidity trade. With this model, negative cross-autocorrelation is possible.
As an opposing view from the above mentioned authors, Hameed (1997) argues that the portfolio cross-autocorrelation is simply a restatement of portfolio autocorrelations, and once portfolio autocorrelations are taken into account, the cross-autocorrelation should disappear.
Should these reasons exist behind the lead-lag effect, then the cross-autocorrelation pattern applies to segmented financial markets, where various types of shares of the same stock are issued and different shareholders have different access to market segmentation. Chui and Kwok (1998) test the Chinese A-share and B-share markets, and they find that B-share market leads A-share market during the period of 1993-1996. Two factors are reported to account for the phenomena: the mechanism of information transmission and differences between market participants. More specifically, A-shares are mainly traded by domestic individual investors, compared to the majority of foreign institutional investors in B-share market, who are more likely to have more advanced technology for processing and analyzing information. In addition, foreign investors get information from the free market of Hong Kong, while domestic investors are constrained by the mainland media and publishing industry which is under firm controls of central government. Accordingly, public information is expected to reach the B-share market before the A-share market.
However, whether foreign investors in China possess information advantage deserves closer examinations. The existence of information asymmetry on values of local assets between foreign investors and domestic investors has been documented extensively in Brennan and Cao (1997) , Stulz and Wasseerfallen (1995) , and Kang and Stulz (1997) . It is typically assumed by the literature that domestic investors are better informed than foreign investors. The case is confirmed in Chinese market by Chakravarty et al. (1998), and Su and Fleisher (1999) . The reasons they provide include language barriers, different accounting standards, and a lack of reliable information about the local economy and firms available to foreign investors. On top of this, the trading of a B-share stock is usually much thinner than that of its A-share counterpart. So the conclusion of Chui and Kwok (1998) is subject to further testing.
The main purpose of this paper is three-fold. First, we re-examine the cross-autocorrelation pattern in Chinese stock market with the portfolios of dual-listed stocks. Second, we test the impacts of China's opening of its once foreign-exclusive B-share market to its domestic individual investors. In February 2001, Chinese government announced that domestic individual investors were permitted to invest in B-shares. Accordingly, the crossautocorrelation between A-and B-shares, if they existed, might have changed. Third, we explore the sources of the lead-lag pattern. The paper will shed lights on both the policy making and the investment strategy of active traders in segmented stock markets.
The remainder of this paper is organized as follows. Section II describes the data and sample selection. Section III examines the general cross-autocorrelation pattern. Section IV evaluates the relative importance of various components by decomposing the portfolio returns. Section V proposes the potential reasons behind the empirical results. The paper ends with a brief summary of conclusions.
II. Data and Sample Selection
Chinese stock market was established in early 1990s. Over the past decade, it has undergone a substantial increase and become the second largest stock market in Asia.
Despite the rapid growth, the market remains underdeveloped in many senses. For instance, Greonewold et al. (2001) The sample population consists of 72 pairs of firms, which form A-share portfolio and Bshare portfolio on an equal-weighted basis. Since the portfolios are formed by dual-listed stocks, we diminish the influence of factors associated with stock-specific components. For a stock to be included into the portfolio on a specific day, both its A-share and B-share must be traded on that day; otherwise, the stock is excluded. In order to reduce the IPO under-pricing effect documented by Mok and Hui (1998) Except the PRE-FEB subperiod, the B-share portfolio has a higher average return than the A-share portfolio, followed by its total higher risk levels. Table 2 exhibits the autocorrelation for daily, weekly and monthly portfolio returns over the sample periods. A significant first order autocorrelation can be observed for daily returns of both portfolios, with smaller and sometimes negative high-order autocorrelations. 5 The weekly and monthly return autocorrelations reported in panel B and C of Table 2 exhibit different patterns: mixed sign and statistically insignificant at the first lag over the entire periods for A-share portfolio, while positive and mixed statistically significance for B-share portfolio. The evidence indicates that information on own price transmits faster in A-share market than in B-share market.
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III. General Cross-Autocorrelation Pattern
In this section, we study the general cross-autocorrelation pattern between A-share and Bshare portfolios. Then, we check the structural change of the pattern before and after the Bshare market opening in February 2001. We focus on several propositions, which are tested with associated models.
General Cross-Autocorrelation Structure
Our first two propositions are built as follows:
Proposition 1: The cross-autocorrelation between the return of B-share portfolio on day (t-1) and that of A-share portfolio on day t is significant.

Proposition 2: The cross-autocorrelation between the return of A-share portfolio on day (t-1) and that of B-share portfolio on day t is significant.
The two propositions imply that A-share and B-share investors of the same stock could gain information from each other.
We use the following model with GARCH (Generalized Autoregressive Conditional Heteroskedasticity) disturbance to approximate the return generating process of A-share and B-share portfolios. To diminish the impact of own autocorrelation, we include the lagged return of each portfolio in explaining its return. In the model, a positive AB β implies that A-share portfolio partly reacts to the B-share portfolio return with a lag, while a negative AB β implies that A-share portfolio overreacts to the B-share portfolio return and this overreaction gets corrected in the subsequent period.
The same implications apply to B-share portfolio as well.
The statistical results of the model are reported in table 3. Consistent with Richardson and Peterson (1999) but inconsistent with Hameed (1997) , the cross-autocorrelation effect is significant after taking the autocorrelation effect into account. Table 3 about here #
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In the PRE-FEB subperiod, BA β is larger than zero at 5% significant levels (t-statistic of 2.60), i.e., there is a positive and statistically significant one-day lagged effect of A-share portfolio returns on B-share portfolio returns. On the contrary, we do not observe the significant lagged effect of B-share portolio return on A-share portfolio returns (t-statistic of 1.40). For the POST-FEB subperiod, the correlation changes its sign and there is no evidence of significant one-day lagged effect on B-share portfolio returns (t-statistic of -1.16). In this subperiod, we do not observe the lagged effect on A-share portfolio returns either. So, for both subperiods, we reject Proposition 1, but not Proposition 2 for the PRE-FEB subperiod, at 5% significant level. In other words, the evidence is consistent with Chui and Kwok (1998) To check the possible spurious correlations between the portfolio returns, we run the regression of the equations with the first differences of the series. We define the first differences of the portfolio return series as ) ( Table 3 , we find that correlations between the first differences almost keep the original level of significance, so we conjecture that the correlations in the portfolio returns are not spurious.
The Effect of Financial Policy on the Cross-Autocorrelation Structure
Regarding the effects of the B-share market opening on the cross-autocorrelation pattern, we establish the following proposition.
Proposition 3:
The leading pattern of A-share portfolio return on B-share portfolio return has significantly changed after the opening policy.
To test the proposition, we set β is significant at the 5% level, so we do not reject Proposition 3, i.e., a significant change is found in the cross-autocorrelation pattern.
IV. Cross-Autocorrelation Pattern with Decomposed Returns
In section 3, we conclude that there is a general lead-lag pattern of the A-share and B-share portfolio returns, with the former leading the latter. In this section, by decomposing the portfolio returns into portfolio-specific and market-wide components, we study the effects of the market information on lead-lag pattern. We also study the speed of B-share portfolio returns in responding the lagged good news and bad news from A-share portfolio. By doing so, we can further identify the source of the lead-lag effect.
Market-Wide and Portfolio-Specific Information
In order to decompose the total portfolio returns into market-wide and portfolio specific components, we use the following equation as an estimation of the CAPM:
where t r is the return on a risk-free asset at time t,
are the excess return on A-share portfolio and the market portfolio at time t, respectively, The statistical results are reported in Table 4 . From the table, market beta coefficients are highly significant in both subperiods. The explanation power of the model is also high, with an R 2 over 0.7. ε ′ estimated by the above CAPM as portfolio-specific returns in testing the effect of the lagged A-share portfolio-specific information on B-share portfolio returns. Similarly, the systematic return,
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), can be used as the indicator of market-wide information in the cross-autocorrelation structure. The following GARCH (1, 1) model is used to test the effects of lagged A-share portfoliospecific and market-wide information on the B-share portfolio return:
where t A, ε ′ is the one-day lagged A-share portfolio-specific return,
, − is the one-day lagged systematic return of A-share portfolio,
β ) is the sensitivity of B-share portfolio return to one-day lagged A-share portfolio-specific (systematic) return, and the other variables with the same implication as Eq. 2.
The summary statistics of the system estimation are reported in Table 5. From the table, one-day lagged market-wide information reflected in A-share portfolio returns has a 6 We try decomposing the portfolio return (not the excess return) with a one-factor model:
, where A μ represents the expected components, et al. (1996) employ a methodology of directional asymmetry to further analyze the cross-autocorrelation structure of the size-sorted portfolios in NYSE. They find that small and large cap portfolios' reactions to bad news are fast, but the reactions of small cap portfolio to good news are slower than that of the large cap portfolio. Chang et al. (1998) find that the good news and bad news pattern is not universal across Asian markets.
Directional Asymmetry with Down and Up Market
McQueen
Here we examine the reactions of B-share portfolio returns to increasing and decreasing lagged A-share portfolio returns. Like McQueen et al. (1996) , we decompose the systematic component of A-share portfolio returns into two different new time series: First series, upward returns, equal to the original returns when they take positive values and zero otherwise; second series, downward returns, equal to the original returns when they take negative values and zero otherwise. The decomposition produces the following two series:
We estimate the pattern with the GARCH (1, 1) The statistical results are reported in Table 6 . We document a directional asymmetry in the B-share portfolio lagged response to A-share portfolio movement. When the systematic returns on A-share portfolio are negative, the lagged beta is significant for the POST-FEB subperiod (t-statistic of -2.87) and weakly significant for the PRE-FEB subperiod (t-statistic of 1.66). When the systematic returns on A-share portfolio are positive, the lagged beta is insignificant (t-statistic of 1.41 for the PRE-FEB subperiod and -0.55 for the POST-FEB subperiod). This implies that the cross-autocorrelation is asymmetric in up and down markets. B-share portfolio react quickly to positive market news contained in A-share portfolio, but either underreact or overreact to negative market news contained in A-share portfolio.
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V. Explanations to the Empirical Results
We have identified the cross-autocorrelation structure in the portfolio returns of A-share and B-share market, with the return of A-share portfolio return leading that of B-share portfolio. Additional tests reveal that the pattern is discretional asymmetric, and B-share portfolio shows an under-or overreaction to the bad (not the good) information contained in A-share portfolio. By dividing the sample period into two subperiods, we find it interesting that the cross-autocorrelation pattern change its sign upon the implementation of the B-share opening policy by Chinese government. In this section, we will provide analysis to these findings.
Market Microstructure
We start by examining the reasons listed by Chui and Kwok (1998) Additionally, even though the media and publishing industry is still under monopoly in China through inspection systems, the entry of WTO and widespread use of internet has destroyed the advantages of foreign investors described by Chui and Kwok, if any. Chakravarty et al. (1998) argue that domestic investors tend to have access to more information than B-share investors even before 1998. In addition, the disclosure in B-share market is far from satisfactory. It has been much less studied by institutional investors, reflecting the fact that it is even harder to find a company research report on B-share market.
Thus we believe that A-share investors get access to information faster than B-share investors, as reflected in the observed lead-lag pattern.
Finally, the difference of liquidity between the A-share and B-share markets also support the lead-lag pattern. The B-share market has expanded far less rapidly than the A-share market, in terms of issued shares, market capitalization, and number of companies. Figure 2 shows A-share B-share Based on these factors, both the information transmission and the nonsynchronous trading support the evidence that the return of A-share portfolio leads that of the B-share portfolio.
Investor Behavior
The information transmission asymmetry and thin trading seems to account for the crossautocorrelation pattern, but the directional structural change upon the B-share opening remains without adequate explanations. We have documented a negative and significant cross-autocorrelation pattern in this paper, a notable difference from past empirical literature that has only reported positive ones. As Bernhardt and Mahani (2004) predict, it is hard to find negative patterns in the traditional models with asymmetric information. In their paper, they offer a model in which speculators with non-fundamental information use the trades of liquidity traders (noise traders) to make profits. They conclude that additional frictions such as transaction costs are necessary to produce such a pattern. However, we find that the gaps between trading costs in A-share and B-share markets are too small enough to support their argument.
McQueen et al. (1996) argue that Heretics could be used to explain why small stock returns can be predicted by past larger stock returns. Heretics attributes the return predictability of financial assets to market fads, herding and overreaction, and other investor behaviors that create a kind of "momentum" that causes prices to temporarily swing away from their fundamental values. 7 Although they, together with other authors, use Heretics to explain the traditional positive cross-autocorrelation pattern, we can extend their concept to yield helpful insights into our puzzle. Daniel et al. (1998) develop a theory of securities market under-and overreactions based on investor overconfidence and biased self-attribution. An overconfident investor is defined as one who overestimates the precision of his private, not the public, information signal.
Biased self-attribution means investors too strongly attribute events that confirm the validity of their actions to their own ability, and events that disconfirm the actions to external factors. In their model, stock prices overreact to private information signals and underreact to public signals, implying negative long-lag autocorrelations and positive shortlag autocorrelations.
7 Stock market overreaction implies that the asset returns are negatively autocorrelated over some holding period, so that "what comes down must go up," and vice versa. As De Thaler (1985, 1987) Parallel to the private and public information in Daniel et al. (1998) , bad news has been identified to play a vital role in determining the sign of cross-autocorrelation. When the market is bullish, the investors are optimistic and tend to underreact to bad news. However, when the market turns bearish, the investors become pessimistic and tend to overreact to bad news. The phenomenon is more obvious in B-share market, in which the liquidation is lower, the quality of information contained is believed to be inferior, and the presence of noisy traders in violation of Bayes' rule could be stronger. Thus, the cross-autocorrelations can be positive or negative, depending on the information transmission, market atmosphere, Combined with the imperfect information transmission mechanism and nonsynchronous trading, the investor behavior provides an explanation to the cross-autocorrelation structural change upon the B-share market opening.
VI. Conclusions
This paper examines the cross-autocorrelation pattern in the portfolios composed of duallisted stocks in Chinese A-share and B-share markets. We find that A-share portfolio leading B-share portfolio, evidence against Chui and Kwok (1998) . We also study the impact of China's opening of its once foreign exclusive B-share market on the lead-lag pattern, and document a structural change upon the policy change.
To find further clues, we decompose the returns into different sources and develop tests that allow us to evaluate their relative importance. First, by decomposing the portfolio return into portfolio-specific and market-wide returns, we find that the market-wide information contained in A-share portfolio return is strongly associated with the cross-autocorrelation structure. Second, we document a directional asymmetry in which B-share portfolio shows either slow or over response to bad, but not good, news of A-share portfolio.
The results lend further credence to the view of imperfect information transmission mechanism and nonsynchronous trading between A-share and B-share markets. A-share market has a higher liquidity than B-share market, and the return of A-share portfolio could reflect information that has yet to contain in B-share portfolio. Additionally, the emergence of negative cross-autocorrelation after the Chinese market going downturn in 2001 suggests that traditional asymmetric information model alone is not enough to explain the pattern, and a more sophisticated model concerning both market behavior and the psychology of individual decision making could yield more insights. To our knowledge, our paper is the first to document significant negative cross-autocorrelation and to explain it with market behavior and the psychology of investors.
Our results suggest several directions for future research. First, a theoretical behavioral model on cross-autocorrelation is necessary to provide the base for explaining the observed pattern. Second, there is a clear need to analyze with details the investor behavior in Chinese stock market. Third, from a practical investment perspective, it is of our interest to assess whether the contrarian strategy caused by the cross-autocorrelation will be profitable after taking account of frictions such as transaction costs. 
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